Objective: The relationship of socio-economic status and vegetable consumption is examined in nine European countries. The aim is to analyse whether the pattern of socio-economic variation with regard to vegetable consumption is similar in all studied countries with high v. low vegetable availability and affordability, and whether education has an independent effect on vegetable consumption once the effects of other socio-economic factors have been taken into account. Design: The data for the study were obtained from national surveys conducted in Finland,
Socio-economic differences in the consumption of vegetables have been demonstrated in several European countries (1, 2) . People with a higher educational level or in higher occupational status groups generally eat vegetables more often than those in lower socio-economic groups.
Socio-economic differences with regard to vegetable consumption are in line with those observed in relation to overweight, obesity (3, 4) and CVD (5) . In the Nordic countries and in England and Wales, half or more of the socioeconomic gap in total mortality is due to an excess risk of CVD in the lower socio-economic groups. In France, Switzerland, Italy, Spain and Portugal, however, CVD account for a small fraction of the higher risks of premature mortality (5) (6) (7) . Multivariate explanatory studies have nevertheless provided direct evidence of the contribution of vegetable consumption to observed socioeconomic differences in all-cause and cardiovascular mortality (8) . Diet, like other health behaviours, has been assumed to function as a specific determinant mediating the effect of socio-economic position on health (7) . According to this assumption people belonging to higher socio-economic groups follow a healthier diet, and thus more often avoid overweight and other risks of chronic disease. In the lower socio-economic groups people may have less money to buy healthy food, have poorer access to shops offering a good variety of fruit and vegetables, and may be less motivated to maintain a healthy diet (9) . Previous studies in Europe have mainly analysed socioeconomic differences in food habits within a single country at a time (10) (11) (12) (13) . However, there are two systematic reviews based on published reports from fifteen European countries (1, 2) and one review that also covers North American and Australian studies (14) . The studies included in the reviews used different designs and methods. Some of them were based on nationally representative samples of individuals, while others were conducted only within selected regions or used entire households as their sampling unit. These previous studies have demonstrated a link between education and occupation and the consumption of vegetables: in most countries, people with a higher educational level or higher occupational status consumed vegetables more often.
The previous European studies have not been able to analyse the relative importance of both education and occupation as determinants of vegetable consumption because they have typically included only one indicator of socio-economic status, usually education. However, as education and occupation have mutual causal interdependencies, it may be important to include both measures in the analyses (see e.g. reference 15).
The present paper is based on secondary analyses of national health surveys from nine European countries. The countries were selected to represent both Northern and Southern Europe. Educational and occupational differences are compared between the countries, and place of residence is also included because the availability of vegetables may be different in rural and urban areas and place of residence may be associated with socioeconomic status. Following the study by Roos et al. (2) , which suggested that socio-economic differences in the consumption of vegetables were more systematic in Northern Europe than in Spain and Greece, where the availability of vegetables was good, we have made the assumption that educational level differences are larger in countries where vegetables are poorly available and where their affordability is low, i.e. their prices are high.
The study questions are:
1. Do the Northern countries differ from the Southern European countries with regard to availability and affordability of vegetables? 2. Is the pattern of socio-economic variation with regard to consumption of vegetables similar in all the European countries studied? 3. Does educational level have an independent effect on vegetable consumption once the effects of occupational status and place of residence have been taken into account? 4. Do countries showing a high general level of vegetable availability and affordability demonstrate less consistency in the relationship between education or occupation and vegetable consumption than countries with a low availability and affordability?
Methods
Estimating availability and affordability of vegetables The availability of vegetables in the countries studied was estimated on the basis of the FAO Food Balance Sheets (16) . The Food Balance Sheets present figures that are based on national statistics about production, export and import of various food groups. They take into account vegetables produced to feed animals but not waste in consumption. They give the annual per capita amount of vegetables available for human consumption but do not show how much was actually consumed. The countries in the study were classified into groups based on high and low availability of vegetables. The trends from 1993 to 2003 were compared in order to find out whether the supply of vegetables was increasing or not.
Affordability refers to the relative prices of vegetables. Price levels in the countries studied can be compared using the Eurostat Comparative Price Level Index (PLI) for vegetables. Eurostat also publishes a volume index of Gross Domestic Product (GDP) per capita, which measures economic activity and can be used to estimate purchasing power in different countries. In order to compare vegetable prices in the countries studied, and taking purchasing power into account, we used figures obtained by dividing the PLI by per capita GDP (17) . Both the PLI and GDP figures were available for the year 2001.
National health surveys
The study data were obtained from nine European health surveys conducted in 1998-2004 and identified in the EUROTHINE project (18) . All of the surveys were based on nationally representative samples. The response rates in the studies were mostly satisfactory, the lowest rates being in Estonia (61-67 %). Micro data sets from each national survey were submitted to the coordination centre of the EUROTHINE project (19) . The coordination centre first harmonised the data sets delivered from individual countries and then compared the available information for each variable, identified any inconsistencies and constructed common measures applicable to the maximum number of countries. All common variables were judged for their degree of comparability. This confirmed that the variables of the present study can be used to compare the countries with respect to the general association between the selected health and socio-economic variables.
For inclusion in the present study, the data set from each national survey had to fulfil certain criteria. Its variables had to include the frequency of use of vegetables and a set of independent variables comprising sex, age, education, occupation and place of residence, and the year of data collection had to be 1998 or later. The national surveys meeting these criteria were those from Denmark, Estonia, Finland, France, Germany, Italy, Latvia, Lithuania and Spain. The data sets for Estonia, Finland, Lithuania and Latvia are each from a continuous series of repeated cross-sectional surveys, and so these were combined into four larger data files covering the period from 2000 to 2004. The characteristics of the surveys are presented in Table 1 .
Dependent variable
Vegetable consumption was measured as frequency of use. This was the most common and comparable vegetable-related variable in the surveys. In order to improve the comparability of the data, a dichotomous variable, '1 5 daily (incl. almost daily)' and '0 5 not daily', was used in the statistical analyses. The category 'not daily' included 'three to five times per week', 'once or twice per week' and 'never or almost never'. The Danish, Finnish, Latvian, Lithuanian and German surveys included separate questions for fresh (raw) and non-fresh (boiled or preserved) vegetables. In these surveys a combined variable with the corresponding classes was created, in which the category 'daily' included those who used either type of vegetables daily or both types at least three times per week. In Estonia, the question included only fresh (raw) vegetables. The Estonian data were included in the comparison because data from other countries having both vegetable questions showed that the gender and socio-economic patterns were similar for both fresh and all vegetables.
Independent variables and confounders
The independent variables in the present study were place of residence, occupational class and educational level. Age and sex were considered as confounders. Only subjects who were 20 to 64 years of age were included in this study. Age was grouped into 5-year intervals: 20-24, and so on, up to 60-64 years.
The place of residence variable measures the degree of urbanisation of the residential location of the respondent. We distinguish two broad categories: urban and rural areas. Urban areas include major metropolitan areas and cities with more than 50 000 inhabitants, while rural areas include sparsely populated areas and settlements of up 50 000 inhabitants.
The education variable refers to the level of education, which was available in comparable form for all the countries. Educational level was classified into four categories under the International Standard Classification of Education (ISCED). The categories were: '1 5 no or primary education' (ISCED 1), '2 5 lower secondary' (ISCED 2), '3 5 upper secondary and post-secondary non-tertiary' (ISCED 3 1 4) and '4 5 tertiary education' (ISCED 5 1 6).
Occupational class consists of four categories: nonmanual (upper non-manual and lower non-manual), manual (skilled manual workers and unskilled, routine workers), self-employed and other. The last of these categories included unemployed persons, housewives, retirees and those who could not be classified on the basis of their last occupation. The original finer classifications of the manual and non-manual occupations given above in parentheses were reclassified into the two categories of non-manual and manual to improve comparability of the data. Comparison of the differences between occupational groups is more complicated than comparison of educational differences, because the categories 'self-employed' and 'others' are very heterogeneous. Therefore, our commentary on occupational groups is confined to the differences between the manual and non-manual groups, and the manual occupation is used as the reference category. The other occupational groups were nevertheless included in the analyses, and the results concerning these are shown in the tables.
Statistical analysis
The dependent variable 'daily use of vegetables' was modelled using logistic regression analysis. The models were estimated separately for each country. The data were adjusted for age using the 5-year age groups in all models. The variables were fitted to the models according to their assumed chronological order: education, place of residence and occupation.
All the analyses were first carried out separately for men and women. The preliminary analyses showed that the socio-economic patterns of vegetable use were similar among men and women. In order to increase the statistical power of the models, men and women were therefore combined in the logistic regression analyses, and the analyses were adjusted for sex, without sex interaction. The differences between men and women are shown only in the descriptive table on the proportions of daily users in each of the countries ( Table 2 ).
The first three models included only one socio-economic variable at a time, and are termed the 'main effect models'. As the purpose was to examine the independent effect of education once the effects of place of residence or occupation have been taken into account, the second set of models included educational level plus either place of residence or occupation; these are termed the 'pairwise models'. The 'final models' included all three socio-economic variables adjusted for each other.
For each explanatory variable, differences are presented as gender-and age-adjusted odds ratios and their 95 % confidence intervals. The lowest educational level, rural place of residence and manual occupational class were used as reference categories.
The educational distributions of the national surveys varied; for example, in Italy 8?5 % of respondents belonged to the highest educational group but in France, 34?5 %. Therefore, it was necessary to take into account the population size of each educational group. This was done by constructing a ranking measure for educational level and utilising this in the calculation of a Relative Inequality Index (RII) for the use of vegetables. The ranked variable gives stepwise-increasing educational categories with values between and including 0 (lowest) and 1 (highest) (19) . The RII is a regression-based measure that assesses the association between the cumulative ratios of daily vegetable users and the relative position of each educational group (see e.g. reference 20). The relative position is measured as the cumulative proportion of each educational group within the educational hierarchy, with 0 and 1 as extreme values. The RII can be interpreted as the odds of being a daily user of vegetables at the very top of the educational hierarchy as compared with the very lowest end of the educational hierarchy. The outcome measures can be compared between countries, provided that a detailed and hierarchical classification of educational level is used in each country. For the current paper the RII was estimated using logistic regression controlled for sex and age. We also present the RII for education adjusted for place of residence and/or occupational class.
Results

Availability of vegetables in 1993-2003 and prices of vegetables in 2001
The annual per capita availability of vegetables is presented in Fig. 1 . The Southern European countries, i.e. France, Italy and Spain, show high availability -over Table 3 . Values above 1?00 suggest that the prices of vegetables are higher than elsewhere in the European Union when purchasing power is taken into account. This is the case for the Baltic countries. On the other hand, values below 1?00 imply that vegetables are relatively cheaper than elsewhere, as is the case for Germany, Italy, France and Spain.
Prevalence of daily use of vegetables by place of residence and socio-economic status Educational level was associated with daily use of vegetables in all countries except Germany. In the Nordic and Baltic countries those with the highest educational level were more often daily users of vegetables, while in France, Italy and Spain, the group with lowest educational level used vegetables more often than the other groups ( Table 4 ). The figures presenting percentages of daily users in the four educational level groups are in line with the RII for vegetable consumption based on the ranked educational variable. Even in Germany, where the differences between educational groups did not reach statistical significance, the RII is above 1, which indicates that groups with higher educational level consume vegetables more often than other groups. In France, Italy and Spain, the RII did not deviate significantly from 1 (Table 5) .
Urban respondents were more often daily users of vegetables in Denmark, Finland, Estonia, Latvia, Lithuania and Italy; although in Italy the urban/rural difference barely achieved statistical significance. In France, Germany and Spain, vegetable consumption did not vary by place of residence. The differences between urban and rural areas were largest in Estonia and Latvia (Table 4) .
Daily use of vegetables was more common in the nonmanual than the manual group in all countries studied ( Table 4 ). The differences in vegetable consumption between manual and non-manual workers were somewhat smaller in Spain and Italy than in the other countries. The direction of the difference between manual workers and self-employed respondents was varied among the countries. In France, Spain, Italy, Germany and Denmark, the self-employed were more often daily users than the manual workers, while in Finland and the Baltic countries the reverse was true.
Independent effects of education, place of residence and occupation on the daily use of vegetables According to the pairwise models incorporating education and place of residence, but not occupation, the effect of education diminished when place of residence was taken into account. In Denmark, Finland, Estonia, Latvia and Lithuania, the effect of education nevertheless remained significant. In Germany the weak effect of education remained unchanged (Table 5) .
Adding occupation into the model diminished somewhat the effect of education (Table 5 ). The pairwise models showed similar but weaker associations between each socio-economic measure and vegetable consumption than the non-adjusted main effect models including only one socio-economic variable at a time.
Finally, education, place of residence and occupation were all included in the model at the same time. Educational level had an independent effect on the consumption of vegetables in Denmark, Finland, Estonia, Latvia and Lithuania. In Germany, the effect of education was attenuated after adjusting for the other socio-economic variables. In France, Italy and Spain, those with a lower educational level used vegetables more often, even though in France the difference did not reach statistical significance (Table 5) .
According to the final models, place of residence had an independent effect on vegetable consumption only in Denmark, Estonia and Latvia: people living in urban areas were more often daily users of vegetables regardless of their socio-economic status. When manual occupation was used as a reference category, having a non-manual occupation was independently associated with the daily use of vegetables in all countries (Table 5) . Differences between manual workers and the self-employed or other occupational groups were non-systematic and difficult to interpret.
Discussion
The results of the present analysis, based on national surveys conducted in Europe between 1998 and 2004, indicate that the pattern of socio-economic variation with regard to consumption of vegetables was not similar in every country. The most obvious difference was observed between the Mediterranean and the Northern European countries with respect to educational differences. In France, Spain and Italy, educational level had a weak effect on the use of vegetables: after adjusting for place of residence and occupation, those having a higher educational level were found to consume vegetables slightly less often than those with a lower educational level. In the Nordic and Baltic countries, the educational differences were greater and the direction of their association was different: those with a higher educational level were more often daily users of vegetables. The effect remained even after adjustment for place of residence or occupation. In Germany, vegetable use did not vary with educational level.
Compared with previous international overviews in this field, the present study has improved the comparability of estimates by acquiring, harmonising and reanalysing micro data sets from several countries. Moreover, we excluded surveys that were conducted before 1998 and those with a response rate of below 60 %. We also utilised the previous judgements of comparability carried out by the EUROTHINE project coordination centre (19) and did not accept variables that could not be used to compare the countries with respect to general association between the outcome and explanatory variables. To improve the comparability of the results we took into account the between-country variation in the educational distributions and also used, in addition to the standard classification of education (ISCED), a ranking measure of educational level, the RII.
However, there are methodological limitations that need to be considered when interpreting the results. The data sets are based on national health surveys conducted at different times around the turn of the millennium. The data collection methods were either self-administered questionnaire or face-to-face-interview. All of the surveys focused on health and risk factors, but the context for sociodemographic and behavioural questions varied. In addition, the questions concerning the frequency of eating vegetables did not require information on the quantity of vegetables consumed.
The figures on the proportions of daily users based on the survey data were not in line with the availability figures given in the FAO Food Balance Sheets for the countries in question. The discrepancy is understandable in view of the differences between the data collection methods. It also highlights the fact that the survey questions dealt only with behavioural frequencies and did not provide quantitative estimates of vegetable consumption. Neither the statistical availability data nor the survey data on frequency of use indicate the amount really consumed. Trends obtained from the Food Balance Sheets and from the few repeated national surveys are nevertheless in accordance (13, 21) . The simple frequency questions analysed in the present study can be understood as indicators of a generally recommendable diet. On the basis of these frequencies the respondents can be roughly categorised into two groups: high v. low users of vegetables. Despite the methodological limitations, our results concerning the associations of gender or education with vegetable consumption in the individual countries are not contradictory with more detailed dietary surveys from the same countries (10, 14, (22) (23) (24) (25) . Simple frequency questionnaires can be used to estimate differences between populations or trends over time (26, 27) . We are therefore satisfied that our data can be used to compare the patterns of socio-economic differences with regard to vegetable consumption among the countries studied, thus meeting the purpose of our study.
Our results support the assumption that a positive association between educational level and vegetable consumption is related to the availability of vegetables. The positive association is observed in countries with a low availability and high prices (Nordic and Baltic countries), as compared with countries where the availability and affordability are higher (France, Italy, Spain). In the latter countries a weak but opposite association is observed. The fact that the socioeconomic patterns in Germany are somewhere between those of the Southern and Northern countries could be due to the low vegetable prices in Germany. In France, Spain and Italy, availability has been high and stable during the last decade, whereas in the countries with a lower availability the trend has been one of increasing availability. Furthermore, the result that vegetable consumption was similar in both rural and urban areas in Germany, France, Spain and Italy, but not in Denmark, Finland and the Baltic countries, might be associated with the availability of vegetables. Urban dwellers in Northern Europe consume more vegetables because of greater availability throughout the year as compared with rural areas.
Availability and affordability cannot be the only explanations for the varying educational patterns concerning vegetable consumption. Cultural factors expressed in dietary traditions can also have an impact. Vegetables are essential components of the so-called Mediterranean diet. In the Mediterranean countries, local production of fruit and vegetables has a long history. Local products were available throughout the year (28) , and therefore even the lower socio-economic groups could adapt them as an essential part of everyday cooking. In Northern Europe, vegetables were available only during summer, while in spring and winter imported products would occasionally be available but at a very high price. Therefore, Northern Europeans have not developed a tradition of using vegetables on a daily basis. When new foods entered the market, the higher socioeconomic groups were the first to buy them and to adopt modern food habits. This is the case in Finland, for example, where those with a higher educational level have set the trend regarding regular use of vegetables and low-fat milk products (29, 30) . To conclude, the positive association between educational level and vegetable consumption is more consistent in countries where their availability and affordability are poor and where the use of vegetables in everyday cooking has not been a long-standing cultural tradition. In order to increase the use of vegetables among the lower socioeconomic groups in Northern Europe, it is important to improve the availability and affordability of vegetables.
